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(57) ABSTRACT 

An engine which employs a cam follower mechanism to 
reduce wear and reduce the Size of an assembled engine. The 

cam follower mechanism utilizes guide rails located to 
reduce Side thrust on the valve stem. The engine employs a 
high Speed quill shaft to Synchronize independent camshafts 
existing in each of a plurality of interconnected engines. The 
engine is assembled using a Single size fastener to provide 
a uniform StreSS gradient within the engine. The engines are 
interconnected utilizing O-ring Seals. The engine provides a 
piston crown utilizing a connecting rod directly connected to 
the bottom surface of the piston crown. The piston crown is 
Stabilized along the longitudinal cylinder axis by a rail 
guide. Connecting rods are provided which require less than 
one hundred eighty degrees (180) circumference of a 
crankshaft pin for Support So that a plurality of connecting 
rods can be associated with a Single crankshaft pin. A tabbed 
bearing fits under the plurality of connecting rods to provide 
lubrication between the connecting rods and the crankshaft 
pin. Connecting rods are held to the crankshaft pin by a 
circular retaining ring. The engine provides a Separate 
cylinder head and cylinder which are attached via a circular 
deformable retaining band to form a metal to metal Seal. The 
engine provides an independent lubrication System in each 
engine. Coolant or lubricant is provided to each engine in 
parallel So that the temperature of the coolant entering each 
engine is the same. A large diameter modular crankshaft is 
provided. 
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COMPACT INTERNAL COMBUSTION ENGINE 

BACKGROUND 

0001) 1. Field of the Invention 
0002 The present invention relates to internal combus 
tion reciprocating engines and in particular to a reduced size 
internal combustion reciprocating engine of which a plural 
ity can be interconnected to form a larger engine. 
0003 2. Description of the Related Art 
0004 Internal combustion reciprocating engines have 
been known for over a century. The internal combustion 
reciprocating engine has been manufactured in numerous 
configurations over the years. These engines are utilized in 
automobiles, air planes and water craft. An important con 
sideration in each of these applications is the Size and weight 
of the engine. There is a trade off between the structural 
integrity or durability of an engine and the size and weight 
of the engine. Engine manufacturers design overly massive 
engine parts to increase the durability and useful life of an 
engine. Utilization of massive engine parts, however, 
increases, the weight and Size of the engine and can actually 
increase engine wear by increasing the dynamic weight of 
the moving parts in the engine. Thus there is a need for a 
reduced weight and size engine that is durable. 
0005 Some engine manufacturers have apparently built 
engines by interconnecting a set of Smaller engines or 
modular engines. Modular engines are known in the prior art 
as evidenced by the Voorhies patent, U.S. Pat No. 2,491, 
630, entitled “An Engine Constructed of Sections Bolted 
Together Along the Vertical Plane to Form an Entire Head 
Block and Crankcase Thereof,” issued on Dec. 20, 1949. 
Voorhies patented an internal combustion engine con 
Structed from a Series of engine modules. The Voorhies 
engine however Suffers the same inadequacies as other 
conventional engine designs. 
0006 Some of the problems presented by typical engine 
designs are discussed below. 
0007 Cam Followers 
0008 Typical cam follower mechanisms act as an inter 
mediary between a cam Shaft lobe and a valve stem. Cam 
followers compensate for rotating cam lobes Side thrust. 
Lobes assert a composite thrust containing both a horizontal 
(side thrust) and vertical (downward thrust) component. The 
cam followers absorbs some of the side thrust. Any portion 
of this horizontal thrust component which is asserted on the 
Valve stem increases wear on the valve stem and valve Stem 
guide in which the valve stem slides. The horizontal and 
Vertical components are asserted upon the cam follower by 
the rotating cam lobe. The cam lobe rotates, depresses the 
cam follower mechanism, which in turn depresses the valve 
stem. Typically a portion of the Side thrust component is not 
compensated for by the cam follower. This side thrust is 
asserted on the valve stem which increases wear on the valve 
Stem and the valve Stem guide. 
0009 Typical engine designs typically provide minimal 
lubrication between the valve stem and the valve stem guide. 
Inadequate lubrication exacerbates the effect of wear caused 
by the Side thrust asserted on a valve Stem by the typical cam 
follower mechanism. Typically, engine designers utilize 
long valve Stems to provide a relatively long longitudinal 
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dimension, or high aspect ratio of length to width, in order 
to achieve Stability of a valve Stem along its axial length. 
0010 Engine designers also consider the aspect ratio of 
the cup-type cam follower. The longitudinal dimension of a 
conventional cup-type cam follower assembly must be long 
enough to Stabilize the cam follower along its axial length, 
therefore Seeking to reduce the horizontal thrust exerted on 
the valve stem. AS the cam lobe rotates and depresses the 
cup, the cup's resistance to the Side thrust component is 
manifest in wear on the cup along a line 90 from the axis 
of rotation of the cam lobe. 

0011. In a typical cup-type cam follower, the top of the 
cup or cup face must have Sufficient diameter to cover the 
Valve Spring. This cup configuration, thus requires a cup 
wide enough to cover a valve, Spring and long enough to be 
Stable. The requirement for large cup increases the overall 
Size of the assembled engine. 
0012 Crankshafts 
0013 Typical single piece and modular crankshafts have 
Suffered harmonic breakage problems. These problems 
occur when the natural frequency of Vibration of the modu 
lar crankshaft matches the frequency of impulses applied to 
the crankshaft, resulting in breakage, or can induce intoler 
able torsional deflections of the crankshaft. 

0014. The typical high RPM engine produces power 
input pulses near the frequency range of the natural resonant 
frequency of the typical crankshaft. Thus, typical modular 
crankshafts tend to Suffer from breakage as the input fre 
quency matches the natural frequency of Vibration. Typical 
modular and Single piece crankshafts may also be distorted 
and Strained from bending moments asserted on the crank 
shaft by the force of the pistons pushing the crankshaft pins. 
0.015 Cam Shafts 
0016 Typical cam shaft deflection has caused typical 
engine designers to have problems Synchronizing intercon 
nected engine modules together to achieve appropriate tim 
ing. The cam Shaft twists due to the twisting torque applied 
to it, adversely affecting the timing and the Synchronization 
between engine modules. Typical engine designers utilize a 
large cam Shaft to reduce twisting of the cam Shaft in an 
attempt to overcome timing problems. Large typical cam 
shaft designs, however, increases the overall size and weight 
of assembled engine. 
0017 Engine Assembly 
0018 Typical engine assembly utilizes a wide array of 
nuts, bolts and washers of varying shapes, sizes and lengths 
to assemble the parts to make a typical engine. The typical 
engine is assembled by different fasteners each having 
different torque requirements for each individual part of the 
engine. Different fasteners and different torque create a 
nonuniform StreSS gradient on the typical assembled engine. 
Nonuniform stress distorts the shape of the engine. Diversity 
of fasteners creates inventory overhead work for the engine 
manufacturer. The manufacturer must keep up with a wide 
variety of different size nuts and bolts. Thus, a wide variety 
of tools are required. Typical engines are assembled utilizing 
a different tool and assembly procedure for each part of the 
engine. Typical engines also utilize gaskets between metal 
parts which creates an assembled tolerance variation. Gas 
kets variably compress to a nonuniform thicknesses accord 
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ing to the pressure applied to the gasket. The preSSure varies 
at each fastener and at each, fastener location. Thus the 
tolerance of the assembled engine can vary as the thickneSS 
of the Sealing gaskets vary. 
0.019 When assembling modular engines designers have 
found that typical engines require a different size oil pump 
and cooling pump for each different modular engine con 
figuration, depending upon the number of modules con 
nected to construct the engine. oil pump size of one, two, 
three, four, or five typical engine modules connected 
together to construct an engine. 
0020 Typically lubrication and coolant fluid flow serially 
through interconnected engine modules So that the lubricant 
and coolant fluid enter the first engine module where the 
fluid is pre-heated by the first engine module before the fluid 
enters the Second engine module, third module, fourth 
module, and So on. Thus, the fluid entering the last engine 
module is substantially warmer than the fluid that entered 
the first engine module. Thus each typical interconnected 
engine modules run at a different temperature. 
0021 Pistons 
0022 Typical piston assemblies utilize a trunk style pis 
ton. The trunk piston has a flat circular top and a long 
cylindrical body or trunk. The trunk of the conventional 
piston fits closely within the cylinder. The cylinder wall 
guides the trunk of the piston and provides for stability of the 
piston along the longitudinal axis of the cylinder. The trunk 
of the conventional piston must be long enough, relative to 
the diameter of the piston, to provide adequate Stability. The 
ratio of the piston length over the piston diameter determines 
how stable the motion of the piston is. The trunk of the 
piston rubs along the cylinder wall. The cylinder wall guides 
the piston. The additional weight of the elongated piston 
trunk increases the dynamic weight of the piston, thereby 
increasing the accelerative forces exerted on the piston, 
connecting rod and crankshaft pin. 
0023 Typical pistons such as the trunk type piston, 
increase the overall size of the engine because the length of 
the cylinder must accommodate the additional length of the 
conventional piston trunk plus the displacement of the 
connecting rods. The typical trunk type piston also Suffers 
from thermal expansion problems. Metal expands when 
heated. The trunk type piston Swells to a large diameter 
when heated. Thus, the cylinder must be large enough to 
allow passage of the enlarged heated piston. The cylinder 
diameter must be large enough to maintain a Substantial 
clearance between the cylinder wall and the piston trunk 
over the full range of engine operating temperatures. The 
clearance between the outside diameter of the conventional 
trunk type piston and the internal diameter of the cylinder 
wall must be maintained at all operating temperatures or the 
piston will “seize up' in the cylinder. Thus, typically, a 
Substantial gap exists between the piston trunk and the 
cylinder wall to allow for variations in the diameter of the 
piston over the full operating temperature range of the 
engine. This exceSS gap left to allow for Swelling of the 
piston creates a problem. At lower temperatures, there is a 
large gap between the piston trunk and the cylinder wall. At 
higher temperatures, the gap between the piston and the 
piston wall is very narrow. The gap between the cylinder 
wall and the piston trunk, varies widely over the operating 
range of the engine. Thus there is a variation in the Stability 
of the piston along the longitudinal axis of the cylinder. 
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0024. These thermal expansion considerations require 
engine manufacturers to design within close tolerances yet 
leave large gaps to account for wide variations in piston size 
over the operating temperature range. Piston Stability along 
the longitudinal axis of the cylinder varies widely over the 
operating temperature range. Moreover, high tolerance 
requirements slow down the manufacturing process, to 
insure that the high tolerance is maintained. Slower manu 
facturing, requires additional man hours and time to produce 
the engine. 
0025 Connecting Rods 
0026. Typically connecting rods encircle and rotate 
around a crankshaft pin. The connecting rod end which 
attaches to the crankshaft pin must be a certain minimum 
width So that adequate lubrication can be established 
between the connecting rod end and the rotating crankshaft 
pin. Lubrication is in adequate below this minimum width 
causing increased wear and mechanical failure. 
0027 Typically engines utilize connecting rods which are 
open at one end and bolted to a Semicircular connecting rod 
bracket to form a circle around a crankshaft pin. The two 
piece, nut and bolt connecting rod configuration requires 
considerable additional mass for the nuts and bolts, thereby 
increasing the dynamic weight and forces experienced by 
the crankshaft and connecting rod attached thereto. 
0028. The typical connecting rod requires considerable 
Space. Although Some engines attach more than one con 
necting rod to each crankshaft pin, typically the rods are side 
by Side on a single crank pin. In this configuration, each 
connecting rod applies a sheer force acroSS the entire crank 
pin length, a distance equal to twice the width of the 
connecting rod at the crank pin. The sheer force and atten 
dant bending moment can cause bending and even breaking 
of the crankshaft pin. 
0029). Cylinder Head Seal 
0030) Some typical engines utilize a single piece head 
and cylinder assembly comprising a one-piece cylinder and 
cylinder head. This one-piece configuration presents a prob 
lem in machining the cylinder head. Machine bits must 
extend through the length of the cylinder to reach the 
machine Surfaces of the attached cylinder head. Thus longer 
cutting bits must be used to reach the head. Longer bits are 
less rigid and thus reduce the accuracy of the head machin 
ing process. 

0031. Other engines utilize a separate cylinder and cyl 
inder head. Engine assemblers Seal the cylinder head to the 
cylinder formed in an engine block with large bolts and 
gaskets. Gaskets are Subject to variable thickness, depending 
upon the amount of pressure applied at each bolt location 
which the gasket Seals. Irregular tolerances in an assembled 
engine decreases the Structural integrity of the assembled 
engine. For example, typically, head bolt assembly methods 
rely on high pressures at isolated fastener points which 
deforms the engine block and depredates the Structural 
complex bolt tightening pattern to exact torque require 
ments. Such a methodology is prone to irregular assembly. 

SUMMARY OF INVENTION 

0032. In accordance with the present invention, an engine 
is provided comprising one, or a plurality piston cylinders. 
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A larger engine can be constructed from a plurality of the 
engines by interconnecting engines. Interconnected engine 
modules are Sealed utilizing an O-ring. The engine provided 
by the present invention may be assembled and intercon 
nected with a plurality of engines utilizing a single size 
uniform fastener. 

0033. In accordance with the present invention, a modu 
lar crankshaft is provided having a crank pin comprising 
male and female portions. The male and female portions 
interconnect to form a crank pin. The connections also link 
crankshaft Sections together. The male and female Sections 
are splined together. 
0034. In accordance with the present invention, a piston 
is provided comprising a piston having a crown. A rail guide 
assembly is attached to the bottom of the piston crown. The 
piston rail guide assembly rides an guides formed on the 
engine block in which the piston resides. The piston rail 
guide assembly Stabilizes the piston crown So that the piston 
crown face remains perpendicular to the longitudinal axis of 
the cylinder in which it reciprocates. The piston is Substan 
tially smaller than the cylinder in which it resides which 
reduces wear on the cylinder wall. The piston crown Thrust 
pads attached to the bottom of the piston crown Slide along 
the cylinder wall to guide the center of the piston crown 
within the center of the cylinder. 
0035) In accordance with the present invention, a con 
necting rod is provided which at one end fits around a 
crankshaft pin and at the other end attaches to the bottom of 
the piston crown. The connecting rod does not fully encircle 
the crankshaft pin So that a plurality of connecting rods are 
held in place by a retaining ring encircle a Single crankshaft 
pin within the width of a Single connecting rod. Connecting 
a plurality of connecting rods within the width of a single 
connecting rod on a Single crankshaft pin, Shortens the 
overall length of the crankshaft. A shorter crankshaft suffers 
less distortion during operation. 
0.036 The other end or small end of the connecting rod is 
rotatably attached to the bottom of the piston crown. The 
piston crown rail guide fits over and retains the Small end of 
the connecting rod and a connecting pin. The connecting 
rods rotate about the connecting pin which abuts the bottom 
Surface of the piston crown. The rail guide fits over and 
retains the connecting rod and pin under the piston crown. 
The connecting rod assembly shortens the overall dimen 
Sions of an engine and reduces wear on the connecting pin. 
0037. In accordance with the present invention, a cam 
shaft is provided. The present invention provides a quill 
shaft which Synchronizes the timing of Separate and inde 
pendent cam Shafts which are provided in each of the 
Separate but interconnected engines. 
0.038. In accordance with the present invention, a lubri 
cation and cooling System is provided within each engine. 
Thus, a Series of interconnected engines are inherently 
equipped with an appropriate lubrication and cooling Sys 
tem. In accordance with the present invention a valve head 
is provided which fits into the halves of an engine module. 
These and other provisions of the present invention are 
illustrated in the following description. 
0.039 The engine of the present invention provides a 
plurality which maybe duplicated to provide identical com 
pact engines which may be interconnected to form a larger 
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engine. Each engine contains either one, two, three or more 
cylinders. An eight cylinder engine can be constructed by 
interconnecting two four-cylinder engines or by intercon 
necting four two-cylinder engines. 

0040. The engines are easily interconnected in metal to 
metal contact utilizing uniform fasteners and O-rings to 
form seals between interconnected modules. The uniform 
fastener reduces assembly time and helps to Standardize 
assembly tools and methods. The modular engine uses a 
plurality, of identical fasteners to assemble the entire engine. 
0041. The engine of the present invention provides a cam 
follower apparatus that is configured to reduce the overall 
Size of an engine while greatly increasing the allowable 
margin of error during the manufacturing process. Guide 
rails are provided on the cam follower body which attenuate 
the horizontal Side thrust component of the cam lobe thrust, 
So that the valve Stem is actuated essentially by only the 
vertical thrust which acts parallel to the valve stem's lon 
gitudinal axis of motion, reducing wear. 
0042. The engine of the present invention provides a cam 
shaft in each engine module. The cam Shaft in each engine 
module is Synchronized with the cam Shafts in other inter 
connected engine modules by use of an external high RPM 
quill Shaft. The camshafts are geared to the high Speed quill 
shaft which reduces timing errors induced by twisting of the 
cam Shaft. 

0043. The engine of the present invention is assembled 
utilizing a plurality of uniform fasteners. Using a single 
fastener reduces the manufacture’s requirement for inven 
torying of different size and length nuts and bolts. Uniform 
fastenerS also simplify engine assembly methods. The uni 
form fastener enables the present invention to utilize a large 
number of uniform fasteners which evenly distribute the 
forces applied to the engine acroSS the engine Structure. 
0044) The engine of the present invention, provides a 
piston crown which utilizes thrust pads to center the piston 
crown within the center of a cylinder. Guide rails which run 
within guide slots are attached to the piston crown. These 
guide rails keep the piston crown face Stable along the 
longitudinal axis of the cylinder. The Stabilizing influence of 
the piston guide rails eliminates the need for the long piston 
trunk typically used in engines. The piston enables an engine 
manufacturer to assemble an engine which is Smaller than a 
typical engine with the same Stroke. This present he bending 
moment of the shear force acting an the connecting rod pin. 
Thus, the Size and weight requirements for the connecting 
rod pin is reduced. The reduced size and weight of the pin 
connecting rod assembly reduces the dynamic weight and 
wear on the pin during operation of the piston assembly. 
004.5 The placement of the connecting rod abutting the 
lower Surface of the piston crown enables the connecting rod 
to pivot close to the piston crown upper face. This configu 
ration shortens the distance between the connecting rod end 
and the piston crown upper Surface, which provides an 
engine Smaller than a typical engine with the Same Stroke. 
Thrust pads are utilized to maintain the piston crown within 
the center of the cylinder. 
0046. In the engine of the present invention, a plurality of 
connecting rod ends are connected to a crankshaft pin. The 
connecting rod end has Substantially the same diameter and 
radius curvature as the crankshaft pin. A circular bearing 
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between the crankshaft pin and the connecting rod end 
facilitates lubrication. A set of retaining rings is provided to 
maintain contact between the crankshaft pin and the con 
necting rod end assembly. 
0047. Attaching more than one connecting rod end to a 
Single crankshaft pin reduces the overall length of the 
crankshaft, which reduces the bending moment of the Shear 
forces applied to the crankshaft by the pistons through the 
connecting rods. Reducing the bending moments induced in 
the crankshaft pins, by reducing their length overall, 
increases the Structural integrity of the crankshaft during 
operation. The crankshaft is shorter than a typical crank 
shaft. 

0.048. The present invention provides a large diameter 
crank pins and crankshaft to reduce twisting and torsional 
deflections induced in the crankshaft. A tab on the connect 
ing rod bearing restricts the rotational motion of the bearing 
relative to the connecting rod ends go that oil Supply 
apertures in the tabbed bearing are not exposed to the gaps 
between the connecting rod ends. 
0049 Cylinder Head Seal 
0050. The cylinder head of the present invention is con 
figured to facilitate machining of the intake ports, exhaust 
ports and valve guides in the cylinder head. The top of the 
cylinder is cut at an angle So that the line at the top edge of 
the angled cylinder edge creates a high loading when 
preSSure is applied. This enables the angled cylinder edge to 
form a metalto-metal Seal against the cylinder head. A 
circumferential land around the cylinder, circumferential 
land around the cylinder head and a retaining band are 
utilized to attach and Seal the cylinder to the cylinder head. 
The retaining ring and lands fit into a receiving groove cut 
in each engine block half. 
0051) Lubrication System 
0.052 The engine of the present invention provides an 
independent lubrication System for each engine. Each engine 
contains its own independent lubrication and cooling System 
comprising a coolant pump, a Scavenger pump, and a 
preSSure pump. The oil Supply is manifolded in parallel to 
each engine So that each engine is Supplied with oil at the 
Same temperature. Each engine module runs at the same 
temperature. A plurality of modules connected together to 
form an extended modular engine will have an appropriate 
lubrication System. A main Supply line from the oil radiator 
outlet is manifolded in parallel through a constant tempera 
ture line into each of the engines So that the temperature of 
the oil at each engine is the same. 
0053 Crankshaft 
0.054 The crankshaft is comprised of a plurality of mod 
ules which interconnect in a male-female fashion to form a 
crankshaft. The male-female crankshaft connections are 
Splined together for rotational Stability. The crankshaft is 
made of a Stiff material with a large diameter So that the 
natural frequency of Vibration of the crankshaft is much 
higher than the frequency of the rotational impulses applied 
to the crankshaft by the low RPM engine. Thus, the fre 
quency of piston impulses does not enter the range of the 
crankshaft's natural frequency of Vibration. This Substan 
tially reduces the probability of harmonic breakage prob 
lems due to piston impulses matching the natural frequency 
of vibration in a crankshaft. 
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0055) Valves 
0056. The cylinder head of the present invention uses 
three intake and three exhaust valves for each cylinder. 
0057. Other advantages and features of the invention will 
be apparent after Studying the following description of a 
preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0058 FIG. 1 is a cross section of a single piston an 
engine module embodying the invention. 
0059 FIG. 2 is a cross section of a dual piston engine 
module embodying the invention. 
0060 FIG. 3 is a cross section of a three piston engine 
module embodying the present invention. 
0061 FIG. 4 is a simplified plan view of four engine 
modules connected together according to the present inven 
tion. 

0062 FIG. 5 is an exploded view of an engine module 
embodying the invention. 
0063 FIG. 6 is a simplified schematic of a multi-cylinder 
intermeshed set of engine modules showing pistons in dotted 
lines. 

0064 FIG. 7A is a perspective of a cam follower 
embodying the present invention. 
0065 FIG. 7B is an elevation of the cam follower shown 
in FIG. 7A in contact with a cam shaft lobe. 

0.066 FIG.7C is an elevation of a cam lobe and follower 
according to the invention. 
0067 FIG.7D is a plan view in direction 7D in FIG. 7B. 
0068 FIG. 8 is a cross-section of a cup-type cam fol 
lower assembly. 
0069 
0070 Figure 10A is a plan view of a modular camshaft 
embodying the invention. 
0.071) Figure 10B is a section along line 10B-10B in 
Figure 10A. 
0072 FIG. 11 is a perspective view of dual camshafts of 
a simplified engine head. 
0073 FIG. 12 is a plan view of several cam shafts 
connected together using a quill shaft. 
0074 FIG. 13A is an exploded view of a piston that 
embodies the invention. 

0075 FIG. 13B is a section along line 13B-13B in FIG. 
13A. 

0.076 FIG. 13C is a section taken along line 13C-13C in 
FIG 13B. 

0.077 FIG. 14 is a section taken along line 13C-13C in 
FIG 13B. 

0078 FIG. 15A is a plan view of a crank pin in a 
conventional engine. 
007.9 FIG. 15B is a plan view of a crank pin in a 
conventional engine. 

FIG. 9 is a plan view of a cam follower guide rail. 
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0080 FIGS. 16A and 16B are enlarged plan views, 90° 
apart, of the piston shown in FIG. 13A. 
0081) 
bly 

0082 FIG. 18A is a plan view of an assembled connect 
ing rod assembly and crank pin. 

FIG. 17 is a plan view of a connecting rod assem 

0083 FIG. 18B is a sectional taken along line 18B-18B 
in FIG. 18A. 

0084 FIGS. 19A and 19B show relative positions of 
connecting rods and a tabbed bearing at two different times 
in an engine power cycle having two pistons. 

0085 FIG. 20 is a plan view of two disassembled sec 
tions of the male and female crank pin Sections of a 
crankshaft according to invention. 
0.086 FIG. 21 is a plan view showing a connecting rod 
on the crankshaft of FIG. 20. 

0087 FIG. 22 is a sectional of a portion of a cylinder 
head using a Seal arrangement according to the invention. 
0088 FIGS. 23A and 23B are sectionals of the cylinder 
head shown in FIG. 22 with a retaining ring in different 
Stages of deformation. 
0089) 
head. 

0090 FIG.25 is an elevation of an exhaust valve and gas 
port embodying the present invention. 

0091 FIG. 26 is an elevation of the exhaust valve and 
gas port also showing a valve retraction mechanism and a 
Valve in a cylinder head. 
0092 FIG. 27 is an elevation of one-half of an engine 
block according to the invention. 

FIG. 24 is a plan view of a portion of a cylinder 

DESCRIPTION OF AN EXAMPLE OF A 
PREFERRED EMBODIMENT OF THE 

INVENTION 

0.093 Turning now to FIG. 1, in the present example of, 
a preferred embodiment of the invention, the engine of the 
present invention provides a plurality of identical engines 10 
which may be interconnected to form a larger engine. AS 
shown in FIG. 1, each engine contains either one 10, two 12, 
three 14 cylinders or more. Each cylinder houses a piston, 
e.g. 16, 18, 20. As shown in FIG. 2, these individual engines 
may be interconnected by abutting the planer Surfaces 26 
located mid-way 24 between the axial Separation of the 
cylinders in adjacent modules. Each engine provides one 
piston 16, two pistons 18, or three pistons 20. The engines 
run independently or may be interconnected to work in 
cooperation. 

0094. An eight cylinder engine can be constructed by 
interconnecting four twocylinder modules 12 or eight one 
cylinder modules 10. As shown in FIG. 4, the engines are 
interconnected utilizing metal to metal contact at the axial 
plane 24 mid-way between adjacent cylinderS 22. A metal to 
metal contact is formed between the adjacent planer Surfaces 
26 utilizing uniform fasteners discussed below. An O-ring 
groove is fashioned in the planer Surface 26 of each engine. 
The O-ring is placed in the O-ring groove to form an O-ring 
Seal between adjacent interconnected engines. 
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0095. As shown in FIG. 5, each engine is split into two 
halves 26 on a plane perpendicular to the longitudinal axis 
of the crankshaft 30. A groove 195 is formed on the interior 
wall 147. A conventional trunk type piston cylinder shape 28 
is shown for reference. In the present example of a preferred 
embodiment, the engine utilizes a piston crown and piston 
guide rail assembly, rather than a trunk type piston. The 
piston crown assembly enables a designer to reduce the size 
of the engine and prolongs engine life reducing induced 
wear. The piston crown assembly is Stabilized by guide rails 
and thrust pads instead of the piston trunk. 
0096 Referring to FIG. 6, the cylinder spacing within an 
engine is configured So that an engine can be intermeshed 
with an adjacent engine. The Split plane of one engine 
becomes the Separation plane between the intermeshing 
engines. Single cylinder engines can be interlaced into 2 
cylinders, 4 cylinders, 6 cylinders, etc., configurations. 
Three cylinder configure engines can be similarly interlaced 
as 3 cylinders, 6 cylinders, 9 cylinders, 12cylinders, etc., 
engine configurations. In the case of the meshed configura 
tion engine, an extra crank throw is introduced between 
bearings. All other interfaces remain identical, differing only 
in axial dimension. 

0097. In the present example of a preferred embodiment 
of the present invention, each engine provides a lubrication 
and coolant System and a cam follower apparatus. When a 
plurality of engines are interconnected, it becomes desirable 
to Synchronize the firing of the pistons in the individual 
engines. Synchronizing enables proper timing of the overall 
composite engine composed of a plurality of engines run 
ning in Synchronization. Therefore, the present example of 
a preferred embodiment of the present invention, Synchro 
nization between the plurality of engines interconnected is 
facilitated by an external high RPM quill shaft, discussed 
below. 

0098. In the present example of a preferred embodiment 
of the present invention, the engine utilizes a guide slot to 
Stabilize the piston and guide rails to Stabilize the cam 
follower mechanisms along their respective axis of transla 
tion. The guide Slots and rail guides of the present invention 
are compact and require less Space to perform their respec 
tive function than typical equivalents. Compact design for 
the guide slots and rail guides reduce the overall size of the 
engine and prolong its useful life. 

0099. The entire engine can be assembled and intercon 
nected with other modules utilizing a single uniform fastener 
and tool, discussed below. In the present example a preferred 
embodiment of the present invention, the engine utilizes a 
large diameter modular crankshaft, discussed below. In a 
preferred embodiment of the present invention, the modular 
engine is assembled utilizing a uniform fastener of constant 
Size and length. The fastener positions 200 present in an 
engine are illustrated in FIG. 27. The engines are connected 
in metal to metal contact providing a uniform cumulative 
assembled tolerance for the final assembled engine. Uniform 
cumulative assembled tolerance enables an engine manu 
facturer to interconnect a plurality of engines without expe 
riencing cumulative tolerance errors between the engines. 
Cumulative tolerance errors may be experienced when a 
Series of according to the force applied. The cumulative 
error experienced when gaskets are used, may become 
Significant when interconnecting a Stack of engines Such 
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eight two-cylinder engines, which could be interconnected 
to form a sixteen cylinder (V-16) engine. Cumulative toler 
ance errors may cause the engines to align improperly with 
the crankshaft, due to a variation in the longitudinal axis of 
the crankshaft. The metal to metal contacts of the present 
invention enable the eight engine Stack for example, a V-16 
to be uniform along the longitudinal axis of the crankshaft, 
without variations caused by the cumulative tolerance errors 
which may be caused by assembling with gaskets. 
0100. In the present example of a preferred embodiment 
of the present invention, the engine utilizes the entire facial 
croSS Section of an engine to form a metal to metal contact, 
and O-ring form a Seal between the entire facial croSS 
Sections of adjacent engines. Unlike the Voorhies modular 
engine discussed earlier, the engine of the present example 
of a preferred embodiment provides for metal to metal 
contact between entire croSS Sections of adjacent engines, 
enabling the present invention to achieve a more compact 
design along the longitudinal axis, that is, build a shorter 
engine. 

0101 Cam Follower 
0102 Turning now to FIG. 7, in the present example a 
preferred embodiment of the present invention a cam fol 
lower 32 is utilized life. As shown in FIG. 7B, cam follower 
mechanism 32 acts as a mechanical intermediary between 
the rotating cam shaft lobe 40 and the valve stem 54. As 
shown in FIG. 7C, camshaft lobe 40 rotates about camshaft 
axis 46. As shown in FIG. 7D, the guide rails 34 of cam 
follower 32 slide up and down in guide slots 37. Guide rails 
34 are formed on the sides of the cam follower 32. Guide 
slots 37 are formed in the cylinder head 35 and a cylinder 
filler block 33, which is installed or formed in the cylinder 
head. 

0103) As shown in FIG. 7E, the thrust from the rotating 
cam lobe 40 may be resolved into a horizontal component 39 
(side thrust) and a vertical component 41 (down thrust). The 
cam follower guide rails 34 absorb the side thrust compo 
nent 39. Thus, only the down thrust cam lobe thrust com 
ponent 41 is transmitted through the cam follower mecha 
nism 32 to the valve stem 54. Reduction of side thrust 
reduces wear on a valve stem, for example, Valve Stem 54 
and any associated valve guide. 
0104 Guide rails 34 are utilized in the present example of 
a preferred embodiment to absorb the Side thrust component 
39 and to provide stabilization of the cam follower 32 along 
the axis of translation. The cam follower slides up and down 
on an axis parallel to the longitudinal axis of the cam 
follower guide rails 34. 
0105 The cam follower reduces wear on the valve stem 
by attenuating the side thrust component 39 of the cam lobe 
thrust. Thus, only vertical thrust, parallel to the longitudinal 
axis of the valve stem is asserted on the valve stem reducing 
wear thereon. Side thrust increases wear on the valve Stem 
and thus reduces engine life. The cam follower mechanism 
32 of the present invention operates in an oil lubricated 
environment within the cylinder head. 
0106 Unlike typical cup-type cam follower mechanisms, 
as shown in FIG. 8, the present Invention relies on the 
aspect ratio of the cam follower guide rail 34 rather than the 
aspect ratio of the diameter of the conventional cup-type 
cam follower 48. The cup-type cam follower 48 relies on its 
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cup-shape for Stability. The cup acts as a mechanical inter 
mediary between the cam lobe 40 and a valve spring 50. 
Cam lobe 40 rotates about camshaft axis 46. Cam lobe 40 
depresses cup-type cam follower 48, which in turn depresses 
valve stem 54. Valve stem 54 is depressed along longitudinal 
axis of the valve stem 54, and guided by valve guide 52. The 
conventional cup-type cam follower 48 relies on the aspect 
ratio defined by the diameter of the cup over the length of the 
cup, to achieve Stability of the cam follower along the 
longitudinal axis of translation of the valve stem 54. The 
diameter 43 of the cup-type cam follower 48 must be large 
enough so that it will fit over the valve spring 50, or some 
other valve return mechanism. Therefore, the minimum 
diameter 43 of a cup-type cam follower must be slightly 
larger than the diameter of the valve spring 50. Thus, the 
diameter of the valve Spring dictates the minimum length of 
Side 42 of the cup required to Stabilize the cup. The large 
minimum diameter cup dictates a long minimum cup length, 
which increases the size of the engine. Typical engine 
designs utilize long valve Stems to increase the aspect ratio 
of the valve Stem and reduce engine wear. Long Stems 
increase the Overall size of the engine. The engine of the 
present invention provides compact short Stem valve and 
Valve stem. 

0107 Referring back now to FIG. 7A, in the present 
example of a, preferred embodiment of the present inven 
tion, the engine provides cam follower 32. Cam follower 32 
relies on the aspect ratio of the guide rail 34 to absorb the 
Side thrust and to achieve Stability along the longitudinal 
axis of the valve stem. Cam follower 32 of the present 
invention does not have to fit over the valve Spring as does 
the typical cup-type cam follower. This enables the cam 
follower of the present invention to provide a compact cam 
follower which reduces the required size of the cam follower 
and thus reduces the overall size of the engine in which it is 
embodied. 

0.108 Cam follower 32 of the present invention relies on 
the aspect ratio of cam follower rail 34 (the ratio of the 
length divided by the width of cam follower rail 34) for 
Stability. Cam follower guide rail width is significantly leSS 
than that required in a cup-type cam follower, which must fit 
over the valve spring. The cam follower guide rail of the 
present invention does not have to fit over the valve Spring 
and therefore is much smaller. Because the width of the cam 
follower guide rail 34 is significantly less than the required 
diameter of the cup-type cam follower, the cam follower of 
the present invention enables construction of a structure 
which provides high aspect ratio for the cam follower guide 
rail, yet utilizes significantly leSS space for any given aspect 
ratio. 

0109 To maximize the guide rail aspect ratio, and the 
stability of the guide rail 34 the end 42 of the guild rail 34, 
which engages the camshaft 43, as shown in FIG. 7B, is cut 
out to match the diameter of the cam shaft 43, which it 
engages. This maximizes the length of the guide rail face 35 
adjacent guide rail slot 37. The longer rail length absorbs 
more side thrust and provides more Stability to the cam 
follower along the cam follower's axis of translation. Thus, 
the cam follower is small but effectively attenuates the side 
thrust of the cam lobe. FIG. 9 is a detailed illustration of the 
cam follower guide rail 34, interface 42, and the cam Shaft 
43. 
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0110. In the present example, the modular engine of the 
present invention runs at approximately 2700 RPM. The 
camshaft RPM is approximately 1350. The lower RPM and 
compact design cam Shaft reduces the accelerative forces 
asserted on the cam Shaft, the cam follower and the valve 
assembly. Thus, the camshaft can be easily constructed by 
pressing cam lobes onto the camshaft to obtain an elastic fit, 
rather than using typical slower manufacturing methods 
which utilize a plastic fit. The reduced accelerative forces 
enable the engine to provide a compact and low preSSure 
Valve/valve Spring apparatus. Thus, the engine provides a 
Smaller diameter valve face, and a shorter length valve stem 
than typical valves. This compact design valve Substantially 
reduces the dynamic mass of the valve of present invention 
over that of typical valve assemblies. 
0111 Typical valves are long to enhance the stability 
along its axis of translation. The cam follower of the present 
invention efficiently absorbs the side thrust component of 
the cam lobe thrust So that leSS longitudinal Stability com 
pensation is required by the valve stem. Thus, the valve 
Stems do not have to be as long because they do not have to 
compensate for instability, as are required by the typical 
valve stems. Thus the present invention valve reduces the 
required overall size of the engine. 
0112) In the present example of a preferred embodiment, 
the engine utilizes six valves per engine. Utilizing Six Valves 
and a low RPM crates a very light valve requirement and 
with low inertia. Cam lobes can thus be stamped from sheet 
metal or made as powered metal pressings and pressed onto 
the camshafts as shown in FIGS. 10A and 10B. 

0113) Quill Shaft 
0114 Turning now to FIG. 11, in the present example of 
a preferred embodiment, each engine 10 provides two cam 
shafts 56 and 58. Each cam shaft provides three lobes 60. 
The rotation of camshafts 56 and 58 is synchronized by gear 
62. FIG. 12 illustrates a series of interconnected engines 10. 
The timing of the cam shafts 56, 58 for each module is 
Synchronized to the timing of the cam Shafts in other 
interconnected modules. 

0115. As shown in FIG. 12, in the present example of a 
preferred embodiment, the present invention utilizes a quill 
shaft 64 to interconnected engine. The quill shaft is driven 
by step-up drive 66, which is attached to and driven by the 
crankshaft 68. The step-up drive 66 enables the quill shaft 64 
to run at substantially higher RPM than the crankshaft. 
0116. In the present example of the preferred embodi 
ment of the present invention, the quill shaft RPM is twelve 
times that of the crankshaft. Quill shaft 64 comprises a 
plurality of interconnected sections 65. Each individual quill 
shaft Section 65 is coupled to an individual engine camshaft. 
The high RPM quill shaft reduces the torque for a given 
applied force exerted on the quill shaft. The torque exerted 
on the quill shaft is reduced by a factor of twelve or the ratio 
of the quill shaft RPM divided by the crankshaft RPM. The 
reduced torque induces less torsional deflection or twisting 
for a given horse power input, than it would at a lower RPM 
and the same applied horse power. Thus timing errors 
between induced by torsional deflections are significantly 
reduced or eliminated by the reduced torque, high RPM quill 
shaft. 

0117 The quill shaft 64 of the present invention enables 
Selection of a variable quill shaft size to accommodate a 
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Specified tolerable torsional deflection, or timing error, for 
an engine comprised of a given number of interconnected 
engines. Each individual engine is identical, thus each 
engine provides the same valves, crankshafts, cam shafts 
and cam lobes. The external quill shaft enables the engine 
designer to use identical engines to build X larger engines, 
and maintain independent control over timing errors 
between the engines by introducing a quill shaft to Synchro 
nize the timing between the engines. 

0118 Piston 
0119) 3The piston of the present invention enables the 
manufacture to assemble a engine which is Smaller than a 
typical engine having the same Stroke. Because the connect 
ing rod is attached near the piston face at the lower Surface 
of the piston crown, the engine cylinder length need accom 
modate only the Stroke or axial displacement of the piston, 
without providing the additional length necessary to accom 
modate the trunk of a typical piston. The preferred embodi 
ment of the piston assembly provides a Smaller connecting 
pin than a typical piston. The engine enables a Smaller pin 
to be utilized by reducing StreSS forces on it. The Smaller pin 
reduces the dynamic weight of the piston assembly and, the 
asSociated accelerative forces asserted on it, thus reduces the 
connecting rod, and the crankshaft to which it attaches. 
0120 Placement of the connecting rod abutting the lower 
Surface of the piston crown enables the connecting rod to be 
attached close to the upper face of the piston crown, thereby 
Shortening the distance between the connecting rod end and 
the piston crown. In the typical engine design, the distance 
between the piston face and the connecting rod end is 
increased by the length of the piston trunk. Thus, the piston 
of the present invention does not require as much space to 
accommodate the same engine Stroke because the present 
invention does not have to accommodate the additional 
length of the piston cylinder trunk. 

0121 The piston crown of the present invention seals the 
combustion chamber utilizing a piston ring. The piston 
crown does not rub against the cylinder walls. The piston 
crown utilizes thrust pads to Slide along the cylinder wall 
guiding the center of the piston. The piston crown can be 
made of a material which expands and contracts readily 
under the varying temperatures experienced during engine 
operation. When the engine first starts, it is cold and the gap 
between the cylinder wall and the piston is relatively large. 
The piston crown contracts and expands. The crown is made 
of thermal conductive material which disburses heat without 
concerning the engine designer with the clearance between 
the piston crown edge and the cylinder wall. 

0122 Turning now to FIG. 13A, the stability of the 
piston crown face as perpendicular to the longitudinal axis 
of the cylinder is provided by the croSS head rail guide 
assembly, rather than the typical piston trunk. The present 
invention provides guide rails 84 and keys 82 to stabilize the 
piston crown face perpendicular to the longitudinal axis of 
the cylinder as shown in FIGS. 13A, 13B, 14A and 14B. 
0123 The stability of the piston face is dependant upon 
the aspect ratio of the Stabilizing member. Typically, the 
piston trunk must be long enough relative to the diameter of 
the piston face to obtain a Suitable aspect ratio and associ 
ated Stability of the piston face with respect to the longitu 
dinal axis of the cylinder. The present invention utilizes a 
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croSS head guide rail assembly to provide Stability to the 
piston crown face in a plane perpendicular to the longitu 
dinal axis of the cylinder. Thus, it, is the dimensions of the 
Small rail guide rather than the larger piston diameter which 
dictate the aspect ratio and Stability of the piston crown in 
the present invention. The present invention provides greater 
Stability utilizing a Smaller Space, because the Stability of the 
piston crown in the present invention depends on the dimen 
sions of the guide rails 84 rather than the dimensions of the 
piston. 
0.124. The stability of a typical piston varies over the 
operating range of the engine, because the clearance 
between the Stabilizing member, the piston trunk, and the 
cylinder wall, varies as the piston expands and contracts 
under temperature variations. The typical engine designer 
must allow Sufficient Space between the piston trunk and the 
cylinder wall to accommodate the expanded piston when hot 
and Swollen. At cooler temperatures, the cooler piston has a 
Smaller diameter. There is a larger gap between the cylinder 
wall and the piston trunk. Thus, there is less stability of the 
piston at lower temperatures when the piston cools than 
when it is hot. The stability of the typical piston varies over 
the operating temperature, as the gap between the piston 
trunk and the cylinder wall varies, when the piston expands 
and contracts. 

0.125 The rail guide assembly of the present invention 
maintains a much more consistent Stability over varying 
temperatures. The rail guide is leSS Sensitive to temperature 
variations. The tail guide relies of the Smaller dimensions of 
the guide rail and associated guide key to maintain toler 
ances over a wide thermal and Stable temperature of the 
piston. The width of the guide rail, utilized in the present 
invention, is substantially smaller than the width of a trunk 
type piston. The guide rail assembly of the present invention 
is leSS affected by temperature ranges because there is leSS 
metal to expand. 
0126. In a preferred embodiment of the present invention, 
the guide rail is one twenty-fourth (/24th) as wide as a trunk 
type piston. Thus, the guide rail will expand twenty-four 
(24) times less than a trunk type piston having a diameter 
twenty-four times as wide as the guide rail and made of the 
Same material, operating at the same temperature. Thus, an 
excess gap between the Stabilizing member (the guide key) 
and the guide rail in which it resides could be twenty-four 
(24) times Smaller than the gap between the conventional 
Stabilizing member (the piston trunk) and the guiding cyl 
inder wall in which it resides. This factor of twenty-four (24) 
gap tolerance clearance advantage manifests in the tolerance 
of manufacturing process. The engine, of the present inven 
tion can be manufactured using reduced tolerance machining 
to enable manufacture of the engine to proceed quickly and 
without excess tolerance or induce wear caused by a piston 
rattling in a typical engine. The piston of the present 
invention maintains a more consistent Stability and 
decreases engine wear while enabling an overall Smaller 
engine to be assembled. Turning now to FIG. 13A, the 
engine provides a piston crown 70 and croSS head guide rail 
assembly 72. Piston thrust pads 74 are provided to center the 
crown in the cylinder. Connecting rod 76 engages connect 
ing rod pin 78, which abuts bottom of piston crown 70. 
Cross head rail guide 72 is attached to piston crown 70 by 
bolts 80. As shown in FIG. 13B, guide keys 82, are provided 
in the lower crank case where guide keyS 82 engage croSS 
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head guide rail slots 84. The cross head guide rail slots 84 
and keys 82 stabilize piston crown face 86 and keep it 
perpendicular to the longitudinal axis of the cylinder parallel 
to the axis of translation of the piston crown within the 
cylinder. A plane drawn in the face of the piston crown 86, 
thus is kept perpendicular to the longitudinal axis of the 
cylinder. Thrust pads 74 maintain the piston crown 86 
centered within the cylinder in which it resides. FIG. 13C is 
a sectional view of the rail guides 72 and keys 82. The slot 
guide passes along Side the crankshaft enabling a shorter 
height cylinder and thus a shorter engine to be manufactured 
using the engine of the present invention. 
0127 FIG. 14 shows the cross head guide rail assembly 
for the piston. The guide slot 84 of the cross head guide 
assembly 72 engages the key 82. As shown in FIG. 14, the 
guide rail keys 82 protrude along the crank case wall along 
the longitudinal axis of the crankshaft 68. The center line 88 
of the cylinder is shown for reference. 
0128. The piston utilized in the present example of a 
preferred embodiment provides Several advantages over 
trunk-type pistons. As shown in FIG. 15, the typical con 
necting rod pin 96 is located a distance 98 below the bottom 
of the piston 94. Typical connecting rods 100 are attached to 
connecting pin 96. In the typical trunk type piston, as shown 
in FIG. 15A, the force of combustion 92 presses down on 
the top of conventional trunk type piston 94. As shown in 
FIG. 15B, the combustive force 92 pressing down on 
conventional piston top 94 places a force and induces an 
asSociated bending moment on connecting pin 96. This 
bending moment tends to StreSS connecting pin 96, trying to 
bend connecting pin 96 around the longitudinal axis 102 of 
connecting rod 100. This bending moment tends to place 
undue wear on the connecting pin and shortens engine life. 
There is no bending induced on the connecting pin of the 
piston assembly provided by the present invention. 

0129. Turning now to FIG. 16A, in the piston of the 
present invention, force 92 acts on the top of the piston 
crown 86. In the present invention connecting pin 78 adjoins 
both the lower surface of the piston crown 86 and the top of 
connecting rod 76. Thus, there is no bending moment 
applied to the connecting pin 78, as it mechanically engages 
both the bottom of the piston crown 86 and connecting rod 
76. The connecting rod 76 and connecting rod pin 78 are 
attached to piston crown 86 by retaining rings 104. FIG. 
16B is a view of the piston crown connected to the con 
necting rod and connecting pin turned ninety degrees (90) 
from the view shown in FIG. 16A. 

0130 Connecting Rod 
0131 Turning now to FIG. 17, in the present example of 
a preferred embodiment of the present invention, the engine 
provides a connecting rod 76. The smaller end 116 of 
connecting rod 76 attaches to the bottom surface of the 
piston crown as shown in FIG. 13A, discussed earlier. The 
large end of the connecting rod 107, as shown in FIG. 17, 
connects to the crank pin 108, as shown in FIGS. 18A and 
18B. 

0132 Turning now to FIG. 19, in the present example of 
a preferred embodiment, the large end of the connecting rod 
forms a 1360 semicircular arc which closely approximates 
the outside diameter of tabbed bearing 124. Tabbed bearing 
124 abuts connecting rod end 107 on its outside diameter 
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and the crank pin 108 on its inside diameter. The tabbed 
bearing 124 provides oil apertures 122 which enable oil to 
pass to provide lubrication for the connecting rod crank pin 
assembly. 

0133) As shown in FIG. 18B, the width 126 of connect 
ing rod end 107 is preferably a minimum distance to enable 
hydrodynamic bearings to formed between the connecting 
rod end 107 and the tabbed bearing 124. The tabbed bearing 
also provides for lubrication between the internal diameter 
of the tabbed bearing 124 and the crankshaft pin 108. 
0134). As shown in FIGS. 19A and 19B in the present 
example of a preferred embodiment, a plurality of connect 
ing rods 76 are attached to one crankshaft pin 108. Con 
necting rods 107 preferably do not encircle crankshaft pin 
108. Thus each connecting rod end 107 requires less than 
180 of crank pin Surface. In the present example, they are 
each a 136 arc. The connecting rod ends 107 may rotate 
relative to crankshaft pin 108 without interfering with each 
other. A set of retaining rings 126 are utilized to rotationally 
attach connecting rods ends 107 around the tabbed bearing 
124 and the crankshaft pin 108. The modular crankshaft pin 
comprises a male and female member which are inserted 
through the circular opening in the tabbed bearing 124 after 
the connecting rods 76 and retaining ringS 127 have been 
assembled to form a circular Structure around the connecting 
rod assembly. 
0135 The connecting rod assembly of the present inven 
tion enables an engine designer to connect more than one 
connecting rod to a single crank pin. Multiple connecting 
rods can be attached to a Single pin while utilizing a 
minimum length crank pinjust long enough to accommodate 
lubricating a connecting rod of minimum width 126, as 
shown in FIG. 18B. The minimum crank pin length is 
preferably equal to the minimum width for which a single 
connecting rod 107 has adequate lubrication. The minimum 
width crank pin of the connecting rod assembly enables the 
engine designer to build a shorter crank pin and overall 
Shorter crankshaft. Each crankshaft pin length in the crank 
shaft is reduced by a factor equal to the number of connect 
ing rod ends attached to an individual crankshaft pin. A 
Shortened crank pin reduces the bending moment asserted on 
the crank pin. The Shorter crankshaft experiences Smaller 
bending moments for a given force than a longer crankshaft. 
0136 Turning now to FIG. 20, the crankshaft pin 108 is 
provided having large diameter crankshaft pins 108 and 
crankshaft 114 to reduce the torsional deflection induced in 
the crankshaft by the forces applied by the pistons. 
0.137 The crankshaft provided is a plurality of modules 
which plug together. After the connecting rod assembly has 
been assembled, male and female Sections of the crank pin 
can be inserted and joined inside of the circular end of the 
connecting rod assembly. The connecting rod ends 107 do 
not fully encircle the crankshaft pin 108 so that gaps 110, 
112 and 114, as shown in FIG. 18A, are formed between the 
connecting rod ends 107. Tabbed bearing 124 is utilized for 
lubrication between the crankshaft pin 108 and the connect 
ing rod end 107. Tab 120, on tabbed bearing 124, restricts 
the rotational motion of the tabbed bearing 124 and oil 
apertures 122 relative to the connecting rod ends 107. Thus, 
oil apertures 122, which Supply oil to the exterior Surface of 
the tabbed bearing and the interior Surfaces of the connect 
ing rod end 107 are prevented from rotating for enough to 

Feb. 14, 2002 

become exposed to the gaps 110, 112, 114 between the 
connecting rod ends 107. Thus, oil is prevented from being 
pumped from the oil apertures 122 and, through gaps 110, 
112 and 114. Oil pumped through the gap flows to the 
bottom of the engine and has to be recovered with a 
Scavenging pump. Reduction of the amount of oil escaping 
through the gaps reduces the amount of oil that has to be 
pumped back. The Scavenging pump can be Smaller in the 
present invention. This reduces the Over all engine size. The 
positioning of the oil apertures 122, So that they stay under 
the connecting rod ends 107, and do not allow oil to escape 
through the gaps 110, 112 and 114. This also reduces the 
amount of oil which must be Supplied to the connecting rod 
assembly by the Supply pump. This reduces the size of the 
oil Supply pump required to pump oil to the connecting rods 
and thereby reduces the overall size of the engine. 
0.138. In an alternative embodiment of the present inven 
tion, a male eyelet and female circular eyelets are formed in 
the bottom of connecting rods which share a crankshaft pin. 
The female circular eyelet comprises a forked set of circular 
eyelets which slide over the male circular eyelet. The 
combined male and female eyelets form a circular eyelet 
connecting rod assembly. The assembly is of a width suffi 
cient to enable formation of hydrodynamic bearing between 
the crankpin and the connecting rod ends that Slides over the 
crankshaft pin. 
0.139. In the alternative embodiment, a pressed sleeve 
bearing is preSS-fitted onto the forked female eyelet So that 
the pressed bearing sleeve does not rotate relative to the 
female connecting rod. The crankshaft connecting pin 
rotates underneath the sleeve bearing of the female rod. The 
displacement between the male connecting rod end and the 
sleeve bearing pressed into the female connecting rod end is 
thus minor. The male rod rotates over the bearing fixed in the 
female eyelet as the crankshaft rotates in a circle within the 
bearing fixed in the female eyelet. Two connecting rods 
drive two pistons by driving a Single connection 
0140. The path of the connecting rod ends 107 and tabbed 
bearing 124 utilized in the present example of a preferred 
embodiment is illustrated in FIG. 19A and 19B. F.G. 19A 
shows the connecting rod ends 107 and tabbed bearing 124 
when the crankshaft has rotated to bottom of the piston 
Stroke. At this point, the center of the crankshaft is at point 
130, as shown in FIG. 19A. In FIG. 19B, the crankshaft has 
now rotated to the top of the piston Stroke and the center of 
the crankshaft pin is now located at point 132. Point 130 is 
repeated for reference. Notice that in FIG. 19A, when the 
pistons are at the bottom of the Stroke, the connecting rod 
ends 107 do not meet but leave a gap 110 between them. In 
FIG. 19B, when the pistons are at the top of their stroke, the 
connecting rod ends 107 rotate So that they leave Small gaps 
114 and 112 between the connecting rod ends 107 and tab 
120 of tabbed bearing 124. Oil apertures 122 remain under 
neath connecting rod ends 107 and are not exposed to gaps 
110, 112 or 114 during any point of the rotation of the 
crankshaft pin. 
0141 Modular Crankshaft 
0.142 Turning now to FIG. 20, in the present example of 
a preferred embodiment, the engine utilizes a modular 
crankshaft 114, as shown in Figue 20. The modular crank 
shaft 114 utilizes a male/female 109 assembly to form a 
crank pin 108. The male section 111 slides into the female 
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section 109 to form crank pin 108. The male and female 
Sections are splined together for rotational fixation between 
them. The present invention provides a Structure which 
reduces the bending moment asserted on the crank pin 108 
by the connecting rod end 107. This is accomplished by 
reducing the width 126 of crank pin 108, to the minimum 
width needed to form a hydrodynamic bearing, based on the 
width of a single connecting rod end 107, tabbed bearing 
124, and crank pin 108. The necessary length of the crank 
pin is reduced because more than one connecting rod end 
107 is attached to the pin 108. 
0143. Two connecting rod ends 107 are connected to a 
single-width 126 crank pin 108, reducing the necessary 
overall length of crank pins by a factor of two, because two 
connecting rod ends are sharing the crank pin whose length 
equals the minimum width 126 of a single crankshaft pin. If 
three connecting rod ends 107 are connected to a single 
crank pin 108, the pin length requirement is reduced by a 
factor of three, and So on. 

0144. As shown in FIG. 21, reducing the crankpin length 
reduces the overall crankshaft length and thus reduces the 
bending moment asserted acroSS the width of a crank pin by 
connecting rod 107. Reducing the bending moments by 
minimizing the width utilizing a Single width crank pin for 
multiple connecting rod ends, reduces the length of crank 
pins and thus reduces the overall length of the crankshaft. 
The reduced width of the crank pins reduces the bending 
moment of a force asserted on a crank pin. Thus, the crank 
pins Suffer less deformation twisting, and torsional deflec 
tions during operation. Crankpin 108 and crankshaft 114 are 
formed of large diameter tubing which minimizes the tor 
Sional deflection within the crankshaft and crank pins. 
0145 The present invention provides sufficient overlap 
between the male section 111 of the crank pin and the female 
section 109 of the crank pin. The crankshaft is made of a stiff 
material and is configured in large diameter So that the 
natural frequency of Vibration of the crankshaft and crank 
pins is much higher than the frequency of rotational power 
impulses applied to the crankshaft by the low RPM pistons 
through the connecting rods. The present example of a 
preferred embodiment, utilizes a modular engine with a 
maximum RPM of approximately 2,700. Thus, the fre 
quency of piston impulses applied to the crankshaft is much 
lower in the low RPM engine than the natural frequency of 
Vibration of the large diameter crankshaft. The frequency of 
the impulses Supplied by the pistons does not match the 
natural frequency vibration of the crankshaft of the present 
invention. This mismatch Substantially reduces the possibil 
ity of harmonic breakage of the crankshaft to lower than that 
encountered with typical modular crankshafts. 
0146). As shown in FIG. 21, crankshaft bearings 134 and 
136 Support each section 115 of the modular crankshaft. 
Each Section of the modular crankshaft is Support by bear 
ings 134 and 136, so that the bending moments and shear 
forces from the piston are resolved in a redundant manner by 
each of the crankshaft sections 114 and 115, which connect 
together to form a crank pin 108, which receives the load 
from a piston. 

0147 Cylinder Head Seal 
0148 Turning now to FIG. 22, in a preferred embodi 
ment of the present invention, the engine utilizes a metal to 
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metal seal between cylinder head 138 and cylinder 141. 
Cylinder head 138 is configured separately from cylinder 
141. The shell of configuration of the separate cylinder head 
138 enables conventional machine bits to traverse the depth 
of the cylinder head 138. The shallow depth of the cylinder 
head 138 enables short rigid machine bits to accurately 
machine the cylinder head Surfaces. Longer machine bits, 
which would be required with a one-piece cylinder head and 
cylinder would have to traverse the length of the cylinder to 
reach and machine the cylinder head. Configuration would 
require long machine bits which would be less rigid and thus 
less accurate in machining of the cylinder head 138. 
014.9 The cylinder head of the present invention utilizes 
a metal-to-metal Seal between chamfered edge 146 of cyl 
inder 141 and a flat surface 150 within the female portion of 
cylinder head 138 into which the top male portion of the 
cylinder inserts. The present invention has advantages over 
cylinders assembled using gaskets to Seal the cylinder head. 
The metal to metal contacts of the present invention forms 
a Seal without the attendant variations in assembled toler 
ances experienced when utilizing gaskets to assemble an 
engine. 

0150. The cylinder head 138 forms a female receptacle 
into which cylinder wall 141 slides and mechanically 
engages. Chamfered edge 146 of cylinder wall 141 abuts flat 
surface 150 of the cylinder head. Turning now to FIG.23A, 
retaining ring 142 is shown as a U-shaped bracket, forming 
right angles 144 and 143, and fitting over cylinder head land 
139 and cylinder wall land 140. Retaining ring ends 143 and 
144 abut lands 139 and 140. Turning now to FIG. 23B, an 
indention 144 is then formed in retaining ring 142. This 
indention 144 shortens the retaining ring 142 So that retain 
ing ends 143 and 144 are drawn closer together. Retaining 
ring 144 exerts a compressive force on cylinder head land 
139 and cylinder land 140 bringing the two lands closer 
together and applying a compressive force on cylinder 
chamfered edge 146 which opposes and the flat surface 150 
of the cylinder head. The pressure asserted by the retaining 
ring on the chamfered edge 146 forms a Seal between the 
chamfered edge 146 and the flat surface of the cylinder head 
150. Thus, a metal-to-metal seal is formed in the combustion 
chamber between the cylinder edge 146 and cylinder head 
Surface 150. The retaining ring and lands form a flange 
which fits into a female groove 145 formed in engine half 26. 
0151. The combustion pressure between the top of the 
piston crown and the interior Surface of the combustion 
chamber formed by the cylinder wall and the interior of the 
cylinder head tends to assert a force on cavity 147 formed 
between the chamfered edge 146 and flat surface 150. 
Pressure within this Small area is negligible and not threat 
ening to the integrity of the Seal between the cylinder and 
cylinder head. Any combustive force that leaks through the 
cylinder head Seal, if any, exerts a negligible pressure on the 
gap formed between chamfered edge 146 and flat Surface 
150. 

0152 Lubrication System 
0153. In the present example of a preferred embodiment 
of the present invention, the engine provides an independent 
lubrication System for each engine. Each engine contains an 
independent lubrication and cooling System comprising a 
coolant pump, a Scavenger pump, and a pressure pump. 
When engines are interconnected, the coolant and lubrica 



US 2002/0017264 A1 

tion fluids are manifolded in parallel to each engine So that 
each engine is Supplied with lubricating and coolant fluid at 
the same temperature. Thus, each engine runs at the same 
temperature. A plurality of engines connected together to 
form an extended engine, will have an adequate pumping 
System because each engine is independently lubricated and 
cooled. There is no need to add additional pumps to an 
assembly of interconnected engines other than to manifold 
the Supply to the engines. 
0154) The present invention has an advantage over typi 
cal engines which Supply coolant and lubricant Serially to 
each engine. Typical engine designs provides for Serial 
coolant and lubricate distribution. Coolant and lubricate are 
first run through a first engine before they are run through 
the Second, third, fourth, fifth engine, etc. In the present 
example of a preferred embodiment, the coolant and lubri 
cant are provided in parallel to each engine module So that 
the coolant and lubricant are Supplied to each engine at the 
Same temperature, rather than preheating the lubricate and 
coolant in the first engine before Sending it to the Second 
engine and So on. Thus, the present invention runs at a lower 
overall temperature and a more constant temperature. The 
inherent adequacy of the independent pumps provided 
within each engine eliminates the need for an engine manu 
facturer to install custom pumping Systems to promulgate 
various numbers of engines connected together to form a 
engine. 

O155 Valves 
0156. As shown in FIG. 24, in the present example of a 
preferred embodiment of the present invention, three intake 
valves 152 and three exhaust valves 153 are provided per 
cylinder head 154. Spark plugs 156 are shown in FIG.22 for 
reference. The use of six valves, combined with the low 
RPM of the engine enables the cylinder head of the present 
invention to perform using a very Small opening under the 
Valve. AS Valves are lifted only a short distance and are 
elliptical or flattened ports to induce tangential gas flow. Six 
Valves generate a large contact area relative to the overall 
Valve mass and area. Thus, the design of the valves in the 
present invention enable rapid heat transfer from the valve 
to the head. 

O157 Turning now to FIG. 26, the configuration of the 
ports is Such that all Surfaces may be machined with Standard 
milling bits operating from an axis parallel to the valve axis 
and parallel to that Small valve openings enable gas flow 
which reacts to the valve more as a Streamline rather than as 
a 900 impediment. The entire head above the combustion 
chamber is pressurized with cooling oil, thus the valve stem 
Spring and cam follower mechanism are immersed in cool 
ant. The flattened or elliptical ports allow for a short heat 
path to the coolant, as shown in FIG. 26. 
0158 FIG. 27 shows the crank case engine half, guide 
key 82. While an example of a preferred embodiment of the 
present invention has been presented, it is not in tended to 
limit the spirit or scope of the invention. Variations of the 
preferred embodiment are possible while remaining within 
the Scope of the claimed invention. 

What is claimed: 
1. An internal combustion engine comprising a least, one 

engine block with journals for Supporting a crankshaft, 
characterized in that: 
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the block comprises first and Second Sections joined on a 
plane normal to a rotational axis of the crankshaft, each 
containing opposing first hollowed areas that define a 
closed crankcase when the first and the Second Sections 
are joined and Second opposed hollowed areas define a 
cylinder bore when the first and Second Sections are 
joined, And each Section containing a journal for the 
crankshaft. 

2. The internal combustion engine of claim 1, further 
characterized in that: 

the first Section contains a Seat extending around Surface 
facing the Second Section for receiving an O-ring. 

3. The internal combustion engine of claim 2, further 
characterized in that one of first Section or Second Section 
contains identically tapped holes and a Second of the first or 
Second Sections contains holes aligned with Said tapped 
holes. 

4. The internal combustion engine of claim 1, further 
characterized in that one of first Section or Second Section 
contains identically tapped holes and a Second of the first or 
Second Sections contains holes aligned with Said tapped 
holes. 

5. The internal combustion engine of claim 1, further 
characterized by: 

at least two of Said engine blocks with coupled crank 
shafts, each block containing a pump for both com 
bined lubrication and cooling. 

6. The internal combustion engine of claim 1, further 
characterized in that the first and Second Sections contain 
mirrored grooves at an upper portion of the Second hollowed 
area and a planar cylinder head with Said grooves. 

7. The internal combustion engine of claim 2, further 
characterizes in that the first and Second Sections contain 
mirrored grooves at an upper portion of the Second hollowed 
area and a planar cylinder head with Said grooves. 

8. The internal combustion engine of claim 1, further 
characterized by: 

a cam Shaft; 

a cam follower comprising at least one guide rail oriented 
normal to the axis of the cam Shaft and engaging a rail 
guide slot in one of the Sections. 

9. The internal combustion engine of claim 1, further 
characterized by: 

a piston in Said cylinder bore; 
a connecting rod attached to the piston; and 
piston guide means, engaging the piston and a wall of one 

of the first and Second Sections, for guiding the piston. 
10. The internal combustion engine of claim 9, further 

characterized in that: 

Said piston guide means engages a post on Said one of the 
first and Second Sections. 

11. The internal combustion engine of claim 10, further 
characterized in that: 

Said guide means contains a slot that receives said post, 
Said slot extending for Selected distance in a direction 
of piston movement. 

12. The internal combustion engine of claim 11, further 
characterized in that: 
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Said guide means comprise a L-shaped arm with a first 
Surface normal to the direction of piston movement and 
a Second Surface parallel to the direction of piston 
movement and contains Said slot. 

13. The internal combustion engine of claim 12, further 
characterized in that: 

the piston is pan-shaped. 
14. The internal combustion engine of claim 13, further 

characterized by: 
a piston guide plate attached to a bottom Surface of the 

piston for engaging the cylinder bore. 
15. The internal combustion engine of claim 14, further 

characterized in that: 

Said guide means is attached to Said bottom of the piston 
by fasteners that extend through Said guide plate. 

16. The internal combustion engine of claim 15, further 
characterized by: 

a connecting rod pin on a bottom of the piston; 
a connecting rod having a bearing Surface that engages 

Said connecting rod pin and contains a connecting rod 
Support Surface along the perimeter of Said connecting 
rod Support Surface; 

the guide means contains a journal to receive Said con 
necting rod Support Surface; and 

Said fastenerS hold Said journal against Said connecting 
rod Support Surface, engaging Said connecting rod 
bearing Surface and said connecting rod pin. 

17. The internal combustion engine of claim 9, further 
characterized in that: 

the piston is pan-shaped. 
18. The internal combustion engine of claim 17, further 

characterized by: 
a piston guide plate attached to a bottom Surface of the 

piston for engaging the cylinder bore. 
19. The internal combustion engine of claim 18, further 

characterized in that: 

Said guide means is attached to Said bottom of the piston 
by fasteners that extend through Said guide plate. 

20. The internal combustion engine of claim 19, further 
characterized by: 

a connecting rod pin on a bottom of the piston; 
a connecting rod having a bearing Surface that engages 

Said connecting rod pin and contains a connecting rod 
Support Surface along the perimeter of Said connecting 
rod Support Surface; 

the guide means contains a journal to receive Said con 
necting rod Support Surface; and 

Said fastenerS hold Said journal against Said connecting 
rod Support Surface, engaging Said connecting rod 
rearing Surface and Said connecting rod pin. 

21. A method for assembling an internal combustion 
engine, characterized by the Steps: 

placing a connecting rod pin in the bottom of a piston; 
placing a journal in a connecting rod on the pin; 
placing a piston guide over a flange on the connecting rod; 

and 
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fastening the piston guide to the bottom of the piston. 
22. The method described in claim 21, further character 

ized by the Steps: 
placing a piston guide plate between the piston guide and 

said bottom of the piston. 
23. A method of assembling a multi-cylinder internal 

combustion engine, characterized by the Steps: 
joining two halves of block at plane normal to the 

rotational axis of an engine crankshaft to form an 
engine module, 

placing a piston in a cylinder bore formed by Said two 
halves, 

placing a piston guide post on at least one of Said two 
halves, 

installing a piston guide rail over Said post, the piston 
guide rail being attached to the piston; 

installing a planar cylinder head in a slot in each of Said 
halves, and 

joining a crankshaft between a first engine module and a 
Second engine module. 

24. An internal combustion engine comprising: 
a piston; 

a crankshaft; 
a cylinder head; and 
an engine block having a cylinder wherein the engine 

block is Spit into half Sections along a plane perpen 
dicular to the longitudinal axis of the crankshaft and 
passing through the centerline of the cylinder wherein 
the half Sections are joined together forming an engine 
block and Support the cylinder head attached thereto. 

25. The engine of claim 24 wherein the engine block 
further comprises a first planar interconnecting Surface per 
pendicular to the longitudinal axis of the crankshaft, the 
interconnecting Surface having an O-ring groove, wherein a 
first engine block is interconnected to a Second engine block 
having a Second planar interconnecting Surface and O-ring 
groove formed therein, by placing an O-ring in the O-ring 
grooves and abutting the first and Second planar intercon 
necting Surfaces, wherein the O-ring forms a Seal between 
the abutted engine block interconnecting Surfaces. 

26. The engine of claim 24, having a plurality of fasteners 
positions dispersed throughout the engine for receiving a 
uniform size fastener to assemble the engine and intercon 
nect the engine to other engines. 

27. The engine of claim 24 wherein the engine further 
comprises an independent lubrication System. 

28. The engine of claim 24 wherein the engine further 
comprises: 

a rotating cam Shaft having a cam lobe; 
a cam follower having a rail perpendicular to a longitu 

dinal axis of the camshaft, wherein the cam follower 
engages a rotating cam lobe on the rotating cam Shaft; 
and 

a rail guide formed in the engine block wherein the cam 
follower rail reciprocates and is restricted by the rail 
guide to motion along an axis parallel to longitudinal 
axis of the rail. 
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29. The engine of claim 24 further comprising: 
an angled edge formed along a top of the cylinder, 
a cylinder head having a female receptacle having a flat 

Surface for receiving a cylinder and for forming a Seal 
between the angled edge of the cylinder and the flat 
Surface; 

a land formed around the exterior of the cylinder head for 
attaching the cylinder to the head; 

a land formed around the exterior of the cylinder for 
attaching the head to the cylinder; and 

a retaining band wherein the retaining band compres 
Sively engages the cylinder land and the head land and 
asserts a compressive force between the angled edge of 
the cylinder and the cylinder head forming a Seal 
between the flat surface in the cylinder head and the 
acute edge of the cylinder. 

30. A quill shaft for synchronizing a plurality of inter 
connected engines comprising: 

a plurality of engines connected together, each engine 
containing a cam Shaft; 

a quill shaft having a longitudinal axis parallel to a 
longitudinal axis of a cam Shaft; 

means for driving the quill shaft at a higher RPM relative 
to the lower crankshaft RPM; and 

means for attaching the quill shaft to a plurality of cam 
shafts existing in the plurality of interconnected 
engines, wherein the quill shaft Synchronizes a plurality 
of cam Shafts to which it connects. 

31. A piston apparatus comprising: 

a piston crown; 
an engine block containing a cylinder; 

a guide rail attached to the piston crown, the guide rail 
having a guide slot; and 

a rail formed on the engine block wherein the rail fits into 
the guide slot of the rail guide. 

32. The piston of claim 31 wherein the guide rail is offset 
from a center of the piston So that the guide rail passes along 
Side the crankshaft during operation. 

33. The piston of claim 31 wherein the piston apparatus 
further comprises a thrust pad attached to the piston crown, 
wherein the thrust pad slides along a cylinder wall and 
guides the center of the piston crown along the longitudinal 
axis of the cylinder. 

34. The piston of claim 31 further comprising: 
a connecting rod having a open Semicircular first end; and 
a connecting pin having a first Side and a Second Side, 

wherein the first Side of the connecting pin abuts the 
bottom Surface of the piston crown, and the Second Side 
of the connecting pin abuts the open Semicircular first 
end of the connecting rod, whereby the connecting rod 
is rotatably attached to the Second Side of the connect 
ing pin. 

35. The piston apparatus of claim 33 wherein the con 
necting pin and connecting rod are rotatably attached to the 
piston crown by the rail guide. 
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36. The piston of claim 33, wherein the connecting pin 
and connecting rod are rotatably attached to the piston 
crown by a retaining ring. 

37. A crankshaft comprising: 
a crankshaft Section having a male crank pin Section; 
a crankshaft Section having a female crank pin Section 

wherein the male crank pin Section fits inside of the 
female crank pin Section to form a crank pin between 
the camshaft Sections, 

a first Spline formed on the external Surface of the male 
crank pin Section; and 

a Second Spline formed on the interior Surface of the 
female crank pin Section which engages the first Spline, 
whereby the male and female crank pin Sections are 
rotationally fixed relative to each other. 

38. A connecting rod assembly comprising: 
a connecting rod first end for connecting the connecting 

rod to a crankshaft pin, the first end having a Semi 
circular shape for engaging a crankshaft connecting 
pin, wherein the first end forms an arc of less than 180 
and having a radius of curvature Substantially equiva 
lent to the radius of curvature of the connecting pin; 

a circular bearing fitting between the inside diameter of 
the connecting rod first end and the outside diameter of 
the crankshaft connecting pin; and 

a retaining means for retaining the connecting rod first 
end on the crankshaft connecting pin. 

39. The connecting rod assembly of claim 38 wherein a 
plurality of connecting rods are rotationally attached to 
Single crankshaft pin, the crankshaft pin having a length 
equal to the width of a single connecting rod first end. 

40. The connecting rod assembly of claim 38 further 
comprising an oil Supply aperture formed in the tabbed 
bearing, wherein the connecting rods and a tabbed bearing 
tab are positioned whereby the tab restricts the rotation of 
the tabbed bearing relative to the connecting rod ends as the 
connecting rods rotate around the crankshaft pin and main 
tains the oil aperture beneath the connecting rods. 

41. A connecting rod assembly comprising: 
a forked set of female circular eyelets formed on a first 

connecting rod end which encircle a crank pin; 
a male circular eyelet formed on a Second connecting rod 

end which encircles a crank pin; and 
a pressed sleeve bearing press-fitted into the forked 

female eyelets So that the pressed bearing does not 
rotate relative to the female connecting circular eyelets. 

42. A cylinder head assembly comprising: 
a cylinder head having circumferential lands and a female 

Section having a flat Surface; 
a male cylinder having circumferential lands wherein the 

top of the cylinder has an angular edge; and 
a retaining band wherein the retaining band fits over the 

cylinder head land and the cylinder land, wherein the 
retaining band is deformable to assert a compressive 
force on the lands, thereby pressing the angled edge of 
the cylinder against the flat Surface of the cylinder head 
female Section, to. form a metal to metal Seal between 
the cylinder head and the angled edge of the cylinder. 
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43. The engine of claim 25 further comprising an inde 
pendent pump within each engine wherein the Supply pump 
Supplies lubricant and coolant to each engine module in 
parallel via a common manifold. 

44. The engine of claim 43 wherein the pump comprises 
a coolant pump, a pressure pump, and a Scavenger pump. 

45. The engine of claim 25 wherein the cylinder head has 
Six ports wherein the cylinder head is configured to enhance 
tangential gas flow. 
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46. The crankshaft of claim 37 wherein the crankshaft has 
a diameter Such that the natural vibration frequency of the 
crankshaft is higher than the frequency of the engine power 
impulses delivered to the crankshaft. 

47. The crankshaft of claim 37 wherein the crankshaft 
diameter large enough to place the natural frequency of 
vibration for the crank pins above the frequency of the 
engine power impulses delivered to the crank pins. 

k k k k k 


